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In collaboration with J. Cortadella, M. Kishinevsky,
A. Kondratyev, L. Lavagno and A. Yakovlev
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OutlineOutline
BackgroundBackground
OverviewOverview ofof thethe synthesissynthesis flowflow
SpecificationSpecification
StateState graphgraph andand nextnext--statestate functionsfunctions
StateState encodingencoding
ImplementabilityImplementability conditionsconditions
SpeedSpeed--independentindependent circuitcircuit
�� ComplexComplex CMOS CMOS gatesgates
�� CC--elementelement architecturearchitecture

ReviewReview ofof somesome advancedadvanced topicstopics
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Books and synthesis toolBooks and synthesis tool
J. J. CortadellaCortadella, M. , M. KishinevskyKishinevsky, A. , A. KondratyevKondratyev,,
L. L. LavagnoLavagno and A. and A. YakovlevYakovlev,,
Logic synthesis for asynchronousLogic synthesis for asynchronous
controllers and interfaces,controllers and interfaces,
SpringerSpringer--VerlagVerlag, 2002, 2002
Jens Jens SparsoSparso and S. and S. FurberFurber,,
Principles of Asynchronous Circuit Design: A Principles of Asynchronous Circuit Design: A 
Systems Perspective,Systems Perspective,
KluwerKluwer Academic, 2002Academic, 2002
Petrify tool:Petrify tool:
http://http://www.lsi.upc.eswww.lsi.upc.es/petrify/petrify
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BackgroundBackground
PetriPetri--NetNet
�� graphgraph--based mathematical modelbased mathematical model
�� placeplace and and transitiontransition nodesnodes
�� directed directed arcsarcs connecting places to transitions and transitions to connecting places to transitions and transitions to 

placesplaces
�� places hold tokensplaces hold tokens
�� transitions transitions ““firefire”” tokens and move them from place to placetokens and move them from place to place
�� transitions may be enabled or not (e1, e2, e3)transitions may be enabled or not (e1, e2, e3)

PetriPetri--Net PropertiesNet Properties
�� LivenessLiveness : every transition will fire infinitely: every transition will fire infinitely
�� BoundednessBoundedness: tokens per place: tokens per place

e1

e2

e3
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BackgroundBackground
PetriPetri--net model can be reduced to:net model can be reduced to:
�� State MachineState Machine

exactly 1 incoming and 1 outgoing arc per transitionexactly 1 incoming and 1 outgoing arc per transition
NO CONCURRENCY (never 2 tokens active)NO CONCURRENCY (never 2 tokens active)
CONFLICT!CONFLICT!

�� Marked GraphMarked Graph
exactly 1 incoming and 1 outgoing arc per placeexactly 1 incoming and 1 outgoing arc per place
NO CONFLICT (never 2 choices possible)NO CONFLICT (never 2 choices possible)
CONCURRENCY!CONCURRENCY!

State Machine constrained Petri-net

Marked-Graph constrained Petri-net

66

BackgroundBackground
PetriPetri--net Taxonomynet Taxonomy

Signal Transition Graph (STG)Signal Transition Graph (STG)
�� FreeFree--choice Marked Graphchoice Marked Graph
�� Places hidden for Visibility, only transitions shownPlaces hidden for Visibility, only transitions shown
�� Transitions correspond to signal changes, Transitions correspond to signal changes, x+x+ or or xx--
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Specification
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VME busVME bus
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STG STG forfor thethe READ READ cyclecycle
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ChoiceChoice: : ReadRead andand WriteWrite cyclescycles
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ChoiceChoice: : ReadRead andand WriteWrite cyclescycles
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DSw- 1818

CircuitCircuit synthesissynthesis

Goal:Goal:
�� Derive a hazardDerive a hazard--free circuitfree circuit

under a given delay model andunder a given delay model and
mode of operationmode of operation
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Speed independenceSpeed independence

Delay modelDelay model
�� Unbounded gate / environment delaysUnbounded gate / environment delays
�� Certain wire delays shorter than certain paths in the Certain wire delays shorter than certain paths in the 

circuitcircuit

Conditions for Conditions for implementabilityimplementability::
�� ConsistencyConsistency
�� Complete State CodingComplete State Coding
�� PersistencyPersistency

2020
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BinaryBinary encodingencoding ofof signalssignals
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BinaryBinary encodingencoding ofof signalssignals
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QR (LDS+)QR (LDS+)

QR (LDSQR (LDS--))

ExcitationExcitation / / QuiescentQuiescent RegionsRegions
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NextNext--statestate functionfunction
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ConcurrencyConcurrency reductionreduction
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SignalSignal InsertionInsertion
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ComplexComplex--gategate implementationimplementation
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ImplementabilityImplementability conditionsconditions

ConsistencyConsistency
�� RisingRising andand fallingfalling transitionstransitions ofof eacheach signalsignal

alternatealternate in in anyany tracetrace

Complete Complete statestate codingcoding (CSC)(CSC)
�� NextNext--statestate functionsfunctions correctlycorrectly defineddefined

PersistencyPersistency
�� No No eventevent can be can be disableddisabled by by anotheranother eventevent

((unlessunless theythey are are bothboth inputsinputs))
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ImplementabilityImplementability conditionsconditions

ConsistencyConsistency + CSC + + CSC + persistencypersistency

ThereThere existsexists a a speedspeed--independentindependent circuitcircuit
thatthat implementsimplements thethe behaviorbehavior ofof thethe STGSTG

((underunder thethe assumptionassumption thatthat ay ay BooleanBoolean functionfunction
can be can be implementedimplemented withwith oneone complexcomplex gategate))
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PersistencyPersistency
100 000 001a- c+

b+ b+
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is this a pulse ?

Speed independence � glitch-free output behavior under any delay
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ImplementationImplementation withwith C C elementselements

C
R

S z

• • • � S+ � z+ � S- � R+ � z- � R- � • • •

• S (set) and R (reset) must be mutually exclusive

• S must cover ER(z+) and must not intersect ER(z-) � QR(z-)

• R must cover ER(z-) and must not intersect ER(z+) � QR(z+)
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CC--basedbased implementationsimplementations
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generalized C elements (gC)
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SpeedSpeed--independentindependent
implementationsimplementations

ImplementabilityImplementability conditionsconditions
�� ConsistencyConsistency
�� Complete Complete statestate codingcoding
�� PersistencyPersistency

CircuitCircuit architecturesarchitectures
�� ComplexComplex ((hazardhazard--free) free) gatesgates
�� C C elementselements withwith monotonicmonotonic coverscovers
�� ......
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SynthesisSynthesis exerciseexercise
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SynthesisSynthesis exerciseexercise
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Logic decomposition: exampleLogic decomposition: example
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Logic decomposition: exampleLogic decomposition: example
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SpeedSpeed--independentindependent NetlistNetlist
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AddingAdding timingtiming assumptionsassumptions
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AddingAdding timingtiming assumptionsassumptions
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StateState spacespace domaindomain
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StateState spacespace domaindomain
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StateState spacespace domaindomain
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BooleanBoolean domaindomain
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One more DC vector for all signals One state conflict is removed
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NetlistNetlist withwith oneone constraintconstraint
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NetlistNetlist withwith oneone constraintconstraint
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ConclusionsConclusions

STGsSTGs have a high expressiveness power at a low level of have a high expressiveness power at a low level of 
granularity (similar to granularity (similar to FSMsFSMs for synchronous systems)for synchronous systems)
Very effective approach for asynchronous Very effective approach for asynchronous control circuit control circuit 
designdesign
Not really suitable for Not really suitable for datapathdatapath designdesign, e.g. an adder, e.g. an adder
Circuits with choice require attention for determinism (no Circuits with choice require attention for determinism (no 
confusion!)confusion!)
Synthesis from Synthesis from STGsSTGs can be fully automatedcan be fully automated
Synthesis tools often suffer from the Synthesis tools often suffer from the state explosion state explosion 
problemproblem (symbolic techniques are used)(symbolic techniques are used)


